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(57)Abstract: 

PROBLEM TO BE SOLVED:To provide a method for 

producing formic acid, comprising reacting carbon dioxide -jt j^-^-^^ 

with hydrogen in the presence of a compound useful as a 

catalyst for reacting the carbon dioxide with hydrogen, and to ^"^^-y, . ^:.:^^>i'- 

provide a method for fixing the carbon dioxide. X^^^ ^ ' 

SOLUTION: This method for producing the formic acid 
comprises reacting carbon dioxide with hydrogen in the K-i^ 
presence of one of compounds represented by general xft -^rijv 

formulas (I) to (IV) [R1 groups are each identically or 
differently H, an alkyi, an aromatic group, OH, COOR, 
CONRR', halogen (X), OR, SR, NRR or PRR 'R" ; M 1 groups 
are each identically or differently Ir, Rh or Ru; R is H, an alkyI, 
an aromatic group, OH, COOR, CONRR X, OR, SR, or the 
like; Y is a halogen or HfX is a counter anion for forming a 
metal complex], and the method for fixing the carbon dioxide 
comprises utilizing the above-described reaction. "^^^l 
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m^M 1 ] • ' 

^^mitRmtykm^tKm^^^imLx. T^t-itm (d ~ (iv) 

[-fb 1 1 • • 




(III) (IV) 



(^+. R, T)\^^}i^m. ^^m&. Tiam^ c-oh) > j^:^7-)i^& (-c 

OOR) . (-CONRR' ) , /nd^> (-X) . MM'^t^M (-OR) 

. mMtt^& (-SR) . mrn'Mt^M (-nrr' > ^ (-prr- r* • ) 

-e^vj 1^— -e4>^'ioT4) J:v>o Ml {±1 r. R h^L< fiRu-e^)9> R tIc^JI^ 

. T)V^)Vm. TiCie* (-0H) . j:-7.T)l^m (-CO OR) . T ^ ( 

-CONRR' ) . ^^ayy (-X) . mMtt^& (-OR) , f^Sfgt^a (-SR) 
. mm'^t^^ (-NRR' ) . U >'Wt^S (-PRR' R' ' ) -e^J^IWI— ^'bM'SroT 
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(III) (IV) 

(^■f. R^ iiT^mw.^. t;^^;v*. ^^mm. Tfc^* (-0H) . ji>^T-;v* (-C 
OOR) > (-CONRR' ) > (-X) . mMt^& (-OR) 

^ mntt^m (-sr) . ^^ttg^ c-nrr- ) . vynt^m (-prr- r- - ) 

, T;^^;^a^ ^Km* (-0H) . j^xy^ji^m (-CO OR) . ( 

-CONRR' ) > y^ary (-X) , mm'^tm (-OR) . ^-BB^* (-SR) 
> (-NRR' ) . (-PRR' R' ' ) T-2b») 1^-- CbM^oT 
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^^'Z-'m-Jf}^^ '9 > i^ffi^JSv':^ -r A t 'Milt 1 

KX^i><DX^^fzo l£lj'^^<7y<^^^KytJ^^)u^~<Dmmx^^:i tit. W^^XWM 
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(III) (IV) 



Rx (i7^c^J^^. t;i-^;v*. ^^m&. ;dc« (-0H) . (-C 

OOR) s (-CONRR' ) . /^0<^^^ (-X) . m^ttl^ (-OR) 

> mn'Mmm c-sr) . ^twt^* (-nrr- > ^ ^^tt^s c-prr- r- * ) 
. T)v^)i'm. ^^mm. y^mm (-oh) . j^:^-t)v^ (-co or) ^ ( 

-CONRR' ) . y^vry (-X) , m^Wtg* (-OR) > mmtrnM (-SR) 

^ M^ft^^ (-NRR' ) . u^'^fg* (-PRR' R' ' ) x^y)m-r-i>m^£^x 

[0 0 0 5] 

*^?§J;^>/^Tfflv>TV>S ril#J -m^ (I) ~ (IV) T?^2itLS-f 'jye^A 

T;W^;V») Ijg^ll^a. J:.7,y^)vm (-co, R) . (-CON 

RR' ) . (-X) . mmttm (-or) . ^ttg* (-sr) . m^tm 

^ (-NRR' ) . (-PRR' R' ' ) tih^i)^. 1 #Xfi^l^ttl^ LTV^T 

hn'j Lv^o ;^4'<7)R(i. Tfc^ii^. t;v^;vS. Tfcm 

^ (-0H) . J^Ts'DV^ (-C00R) ^ T< (-C0NRR' ) > 

(-X) . mmtmm (-or) . wttg* (-sr) . M^ttgs (-nrr' ) , 

'Jy-Mtm (-PRR' R' ' ) ^j:if<7)m^m^^^-to tfzRim-Xi±m^J:^fcnm& 
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^-'l':^-^'. Ti^TSei£^- (Hi 0) ^jci^Jbmifhtl^o ^^-C. 11 FV (Y = H) 

[0 0 0 6 ] 
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N==\ 



R R 



R-H, Me. Et, aikyi 



R=Br, CI, NO2. NMea 



RO2C CO2R 
R=H. Me, Et. alkyi 



20 



RO 




R=H, Ac 



OEt 




CO2R 



OR 



Ph 



NR2 



40 



-CO2R 



-OR 



OR 




CO2R 
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I lJ^<^^mJ^Xfi^^7fc^Jtg^««f* L<^ ^(Omt LTfi. L i 2 COa . L i HC 
O3 > Naz CO3 > NaHCOs ^ K2 COs" ^ KHCO3 ^ CaCOs 
^BaC03 > S r CO3 '5:i:'5&^*#tf^tt^o X{4-m<b^^^J±A^>L< f4/^'y; 

UtL<. ^(Dmt LXii. LiOH, NaOH, KOH. Ca(0H)2. B 
a (OH) 2 . Sr (OH) 2 ^£ t'l^^'M^X^^o ttz. TJl^3-;W-^7^ 

0^ L< f4 1 X 1 0" ' ~ 1 X 1 0" * Mt-t&o 

it 4 0/XJSl±2 0 om^Tib'tif-t LV^o 

2|c§|BJtC^tt^3fcM{i 5 0 OW<^^-by (4 0 0 nm ^AT^XXf 7 50 

[0 0 0 7] 

f Ttr . mmm> ^tiza^ mnm.. ;t nr^i^^r- ^m^b^^ ^^t i^mm ? 

[0 0 0 8] 

1-14 

i*i^m2 0 ml hi^u-rKm^<7y^m^wt^»K&t^Lfzw^m.<D^mm ( 

10 ml) -^<E^^t7X^:^'';^<7) iM 1 <!om'a-;^r>^=^^fe(ojEii-ej±AX 

m7k-^V^^^®l§7^t-r;i,*7A (TS Kg e 1 SCX(H-') : T 0 S 0 H) icii 

mm-r:hmK^\^^xm.^2 1 o nmK^if^m.^Bi^m^L. nhfitzmMmt^mi^ 

[0 0 0 9] 
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«1 Kh, Ru. Ir»^«Mt'^^SI<bM«D?Rmft 



Catalyst 



MCO2H 













1 


Cp*Rh<bpy)Cl2/ 1x10"^ 


1 N KOH / 60 / 80 


360 


5.8 


36 


2 


Cp*Rhfl»y)Cl7 / 1x10*^ 


H2O/ 20/40 


97 


4^ 


20 


3 


Co*Rhnnjvy2U / 1x10"* 




97 


4.9 


20 


4 


Qj'RliL'aj/ IxlO** 


1 N KOH/ 60 /so 


320 


53 


32 


5 




0.2 M NAH2PO4 i 20 1 BO 


50 


2J 


5 


6 


Cd*iuiL^«/ ixiir* 


1 NKOH/60/80 


360 


5J 


36 


7 




H2O/2O/8O 


lie 


SS 


II 


8 


Qp*RhL'aj^lxIO-* 


0.2MNaH^4/20/80 


124 


6J 


12 


9 


Cp*Rh(p!ien)CIi / UIQ-* 


lNKOH/20/80 


216 


11 


22 


10 


Cp*Rh^»hen)Cl2 / IxlO*^ 


H2O/20/8a 


130 


63 


13 


11 




INKHCO3/2I/8O 


2400 


114 


240 


12 




lKKOH/60/80 


50 


OJI 


5 


13 


Cp*Ix(pbcn)a2; 1x10-^ 


lNKOH/20/80 


58 


3 


6 


14 


Cp*IrL^a2/lxlO'* 


lNKOH/19/80 


5400 


242 


540 



10 



20 



Cp*=pentainethylcyclopeinadieoyl, bpy=2,2*-Wpyri<line, phenyl, I O-phenamhroIint 

L'-=2^'-bipyridine-4,4'-<licarbOKyUc acid, L^,4'-<lnnelliyl-2,2'-bqiyii<Uii^ L^,7^iliy«lmTy-l, ll\ ^l«>««ntl.m lin> 
SlSSSsft^ : ^ - 4 MPa (CO2.H2 -1:1); 



15-20 

^s<^^jg^# ( 1 0 m o 1 ) t^;9>jrM^Lfcp h 6. % & <o') :^mm.mmu H 

hi^ V-ricS 0 0W(7)^-by >'9>'-/ (4 0 0 nm J^T^ =fc C^' 75 0 

m2] 



30 
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« 2 nr«3te-C'tstt^b* tiz-miti^m<D7km,itR^ 

CO2 + H2 p. HCOoH 

^ ^ H20(pH6.86r ""^^2" 











15 


Cp*Ir(bpy)Cl2 


66 


3 


16 


Cp*Ir(Phen)Cl2 


41 


< 1 


17 


Cp*IrL^Cl2 


59 


2 


18 


Cp'lrL^Cla 


47 


< 1 


19 


Cp*lrlHh 


37 


2 


20 


Cp*IrL*Cl2 


12 


< 1 



Cp*=peiitainedtylcyclopentadienyl, bpy=°2,2'-bipyiidme, phenyl, lO-phenantbroline 
L'=5,5'-<limethyl-2,2'-bipyridine, L^=2,2'-bipyridine-4,4'-dicarboxyUc acid, 
L^=2,2'-bipyridme-5,5'-dicarbaxyHc acid, L*=4,7-diphenyI-l,I0-phenanthroline. 
SJ**^: e(catalyst)= 1 inM;/»-4MPa(C02:H2- 1 : 1); t-25 "C; r-20h; 
in pH 6.86 phosphate buffer solution 



[0 0 10] 

mii-^-rx^K^ -ji^j^ (I) ~ (IV) -T^^^fi^^m^i^mM^^^^^r-mitRm 

(DTKM'it^TiiMi^x-^r ^fzh^Lh^ ^m.i3^^Wut -s. ^ t ^ B v> /i t fco i 'i^ U e 'J y 

4"r4> m'l^^ft^T-c ^> . u-mtmi-f^ iMMmi, 3, 5, 7, 10) o ^Tt. ;v 

[pJ±-r*Cl (^ife^J 1 1, 1 4) o 

^2 -efi. PT^Ipfct' j:^-m'fkR#<7);dc^<b^j;£;<^'ieil?*:^*^ LTto *ife^aJ 15-20 
[0011] 

[^0^<7)?5!,:^] 
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(72)mi# #B fOtf 

^im-o < «mm i - 1 - 1 ia^M.nwimAm.mmrM^m^m'^ < 1*42 > 

Fdl— A(##) 4CX)69 AA06 BA27A BA27B BA48A BC70B BC71B BC74B BE13A BE13B BE46B 

CB25 CB74 DAQ2 

4H0C6 AA02 AC29 AC46 BA22 BA23 BA24 BA44 BA47 BASS DCU. 

BC16 BE20 BE41 

4H039 CA65 CL45 



(s:*. R, itTicmm.^. rji^jm. ^^mmm, (-oh) . x.xfjm (-coor) . rs k» (- 

CONRR' ) , >'^^y> (-X) . MSWfigS (-OR) > SSJTttgS (-SR) . ^-^tfeS (-NRR' ) 
. DVWte* (-PRR' R" ■ ) -CabOID— -C*>M^Co-C4>J;t,>. M, {ilr. Rh^L.< »Ru-C*D. R». 
Tjc^M^. T)Vdr)Vm. 5?SKS. *KS (-OH) . x;^7^;l/S (-COOR) . T5 FS (-CONRR" ) 

, ^Nay> (-X) . mm-^mm (-or) , Kn-gtis (-sr) > (-nrr* ) . 'j^wfig* ( 




(I) 



(I I) 




(1 1 1) 



(IV) 



